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In the present invention, there is provided an optical proxim 
ity correction method including steps of: extracting a gate 
length distribution of a gate from a pattern shape of the gate of 
a transistor to be formed on a Wafer; calculating electric 
characteristics of the gate; determining a gate length of a 
rectangular gate having electric characteristics equivalent to 
the calculated electric characteristics; calculating a corrective 
coe?icient for describing an associated relationship between 
a statistical value of the extracted gate length distribution and 
the determined gate length; extracting a gate length distribu 
tion of a gate of a transistor by printing the design pattern, and 
calculating a gate length distribution representative value 
from the statistical value of the gate length distribution using 
the calculated corrective coef?cient; and correcting the 
design pattern so that the calculated gate length distribution 
representative value Will be a speci?cation value. 

4 GDSII ZVSlOl 

PERFORM OPC AND CALCULATE 
PATTERN TO BE FORMED ON WAFER ~S102 

EXTRACT GATE LENGTH DISTRIBUTION ~S103 

PERFORM SPICE CALCULATIONS OR 
APPROXIMATE CALCULATIONS 

~S104 

DETERMINE TRANSISTOR S105 
ELECTRIC CHARACTERISTICS 





Patent Application Publication Oct. 23, 2008 Sheet 2 0f 11 US 2008/0263483 A1 

FIG.2 

1O 

8 
O PTICAL PROXI M ITY 
CORRECTION APPARATUS 

TRANSISTOR ELECTRIC 
CHARACTERISTICS CALCULATO R 

1 2 “I Lg* CALCULATOR 

13’~\/ DR FORMULATOR 

14'"—\/ OPC CONDITIONS GENERATOR 

15d! Lrep COEFFICIENT CALCULATOR 

1 6 "\/ OPC CALCULATOR 



Patent Application Publication Oct. 23, 2008 Sheet 3 0f 11 

F I G . 3 

f GDSII ZVSlOl 

US 2008/0263483 A1 

PERFORM OPC AND CALCULATE 
PATTERN TO BE FORMED ON WAFER ~S102 

EXTRACT GATE LENGTH DISTRIBUTION ~S103 

PERFORM SPICE CALCULATIONS OR 
APPROXIMATE CALCULATIONS 

~S104 

DETERMIN E TRANSISTOR 
ELECTRIC CHARACTERISTICS / #5105 



Patent Application Publication Oct. 23, 2008 Sheet 4 0f 11 US 2008/0263483 A1 

_ \ 

+ 5 

m 

31' 
m + 

"i NI > 
U 

U _| 

E + 

HI 
3‘ 

J 

< 9|‘;l:m|'........I..I.. 
q- ‘3” 

U 
H 

LL 



Patent Application Publication 

FIG. 5A 

RATIO OF THRESHOLD 
VOLTAGE: Vth TO 
SETTING 

FIG.5B 

RATIO OF DRIVE 
CURRENT: IOn TO 
SETTING 

FIG.5C 

RATIO OF LEAK 
CURRENT: IOff 
TO SETTING 

Oct. 23, 2008 Sheet 5 0f 11 US 2008/0263483 A1 

1.2 

1.1 

1.0 

0.9 

0.8 0.7 /\ 
0.6 I I I I 

-20 0 20 40 60 80 
DIFFERENCE OF GATE LENGTH 
FROM DESIGN VALUE [nm] 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 I I I I 

-20 0 20 40 60 80 
DIFFERENCE OF GATE LENGTH 
FROM DESIGN VALUE [nm] 

3.0 
2.5 

2.0 
1.5 

1.0 
0.5 

0.0 
-0.5 

—20 0 20 40 60 80 
DIFFERENCE OF GATE LENGTH 
FROM DESIGN VALUE [nm] 



Patent Application Publication Oct. 23, 2008 Sheet 6 0f 11 US 2008/0263483 A1 

*9 MZEEEQ 

momm 

muzmmmHIE mmOQ 

mommz 

m owmm *9 BMNES 

*9 E82 



Patent Application Publication Oct. 23, 2008 Sheet 7 0f 11 US 2008/0263483 A1 

FIG.7 

PREPARE TEST 
4 PATI'ERN ;ZS301 

CALCULATE TRANSISTOR ELECTRIC 
CHARACTERISTICS, (INCLUDING ~S302 
OPC AND EXTRACTION OF GATE 
LENGTH DISTRIBUTION) 

CALCULATE Lg* ~S303 

DO ELECTRIC 
CHARACTERISTICS, Lg*, AND 

STATISTIC VALUE OF GATE LENGTH 
DISTRIBUTION OF EACH 
TRANSISTOR FALL IN 
SPECIFICATIONS? 

LIMIT LAYOUT DO NOT LIMIT 
PARAMETERS N 5306 LAYOUT 
OF THE PARAMETERS OF 
TRANSISTOR THE TRANSISTOR 

S305 

HAVE ALL NO 
TRANSISTORS BEEN 

CALCULATED? 



Patent Application Publication Oct. 23, 2008 Sheet 8 0f 11 US 2008/0263483 A1 

mzOE-EzOu \/\ UQO mzHZmmEmQ hovm 
movm 

E0 92 *3 E5335 83$ 

mz 0:5 200 Um O PUmwEOU 

w 2252526 1525 
8% E5 to zo?uétm 92 E0 825 025302: @HGEEENEIU BEBE x9225; E5335 

m 

mowm ?ovm 



Patent Application Publication 

FIG.9 

Oct. 23, 2008 Sheet 9 0f 11 US 2008/0263483 A1 

/ SATISFYING DR 
PREPARE TEST PATTERN 

EXTRACTION OF GATE LENGTH 

CALCULATE TRANSISTOR ELECTRIC 
CHARACTERISTICS, (INCLUDING OPC AND ~S502 

DISTRIBUTION) 
I 

CALCULATE Lg* TVS5O3 

GATE LENGTH DISTRIBUTION 

CALCULATE PROVISIONAL COEFFICIENT OF 
Lg>|< FROM Lg* AND STATISTIC VALUE OF ~S504 

CALCULATE c_Lre p FROM PROVISIONAL M5505 
COEFFICENTS OF Lg* OF ALL TRANSISTORS 

DETERMIN E c_Lrep TVS5O6 



Patent Application Publication Oct. 23, 2008 Sheet 10 0f 11 US 2008/0263483 A1 

FIG.1O 

S6501 S6502 
READ OPC / READ GDSH/ / CONDITIONS 

| | 
\|/ 

DIVIDE LAYOUT PATTERN N 5603 
INTO SEGMENTS 

SET EVALUATING POINT (EP) M5604 
FOR EACH SEGMENT 

CALCULATE PATTERN TO BE M5605 
FORMED ON WAFER 

CALCULATE EPE FOR EACH 
SEGMENT TV 5606 

CORRECT EACH SEGMENT N 
POSITION 5607 

\|/ 
EXTRACT GATE LENGTH ,V 5608 
DISTRIBUTION 

CALCULATE Lrep OF EACH N 5609 
TRANSISTOR 

S6511 
CO RRECT SEGM ENT DOES Lrep FALL IN 
POSITION SPECIFICATION? 



Patent Application Publication 

S7508 

Oct. 23, 2008 Sheet 11 0f 11 US 2008/0263483 A1 

FIG.11 

S7501 S7502 
READ OPC 

READ GDSH CONDITIONS 

DIVIDE LAYOUT PATTERN 
INTO SEGMENTS M5703 

SET EVALUATING POINT (EP) 
FOR EACH SEGMENT “S704 

CALCULATE PATTERN TO BE 
FORMED ON WAFER 

I 
CALCULATE EPE FOR EACH 
SEGMENT ~S706 

CORRECT SEGM ENT 
POSITION 

DO EPE OF ALL 
SEGMENTS FALL IN 
SPECIFICATIONS? 

S707 



US 2008/0263483 A1 

OPTICAL PROXIMITY CORRECTION 
METHOD, OPTICAL PROXIMITY 

CORRECTION APPARATUS, AND OPTICAL 
PROXIMITY CORRECTION PROGRAM, 

METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE, DESIGN RULE 
FORMULATING METHOD, AND OPTICAL 
PROXIMITY CORRECTION CONDITION 

CALCULATING METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present invention contains subject matter 
related to Japanese Patent Application JP 2007-029967 ?led 
in the Japan Patent O?ice on Feb. 9, 2007, the entire contents 
of Which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an optical proximity 
correction method, an optical proximity correction apparatus, 
an optical proximity correction program, a method of manu 
facturing a semiconductor device, a design rule formulating 
method, and an optical proximity correction condition calcu 
lating method. 
[0004] 2. Description of the Related Art 
[0005] Generally, a number of circuit elements are inte 
grated in semiconductor devices. The most Well knoWn of 
those circuit elements is a transistor having a gate disposed 
betWeen source and drain regions. Semiconductor devices 
having such a transistor as one of its components are manu 
factured by photolithography. 
[0006] According to photolithography, as a circuit pattern 
to be formed on a Wafer is smaller in siZe, it becomes more 
dif?cult to form a basic design pattern to desired shape and 
dimensions on the Wafer. A process of correcting a mask 
shape for forming the basic design pattern to desired shape 
and dimensions on the Wafer is called an optical proximity 
correction (hereinafter referred to as “OPC”) process, Which 
is indispensable in the modern lithographic technology. An 
OPC process for correcting a mask shape including process 
conversion differences due to various causes, Which may also 
be called a PPC (Process Proximity Correction) process, is 
also used in the art. 
[0007] The OPC process is carried out according to a 
sequence shoWn in FIG. 11 of the accompanying draWings. 
According to the OPC process, the data of a design pattern 
(e.g., data in GDSII format) and OPC conditions (e.g., calcu 
lating conditions for the OPC process) are read into an OPC 
tool (steps 702, 702, a step Will hereinafter be abbreviated as 
“S”). Thereafter, the outer edge of a layout pattern of a circuit 
is divided into small pieces called segments (S703) . An 
evaluating point (hereinafter referred to as “EP”) representing 
a segment is set for each segment (S704) . Segment positions 
on a pattern to be formed on a Wafer are calculated by a 

simulation (S705), after Which a variation of the calculated 
value of each segment from a target value (hereinafter 
referred to as “edge placement error” (EPE)) is calculate 
(S706). The shape of a mask pattern is modi?ed, i.e., the 
segment positions are corrected, in order to keep the EPEs of 
all segments Within speci?cation values (S707, S708). Seg 
ment positions are calculated by iterative calculations to 
determine the shape of the mask pattern. In other Words, the 
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segment positions are changed in order to minimiZe the EPEs. 
The above OPC process is called model base OPC. 
[0008] In the process of manufacturing semiconductor 
devices Which have become more and more shrinking in 
recent years, it is very dif?cult to form a complete resist 
pattern according to a design pattern even through the OPC 
process, and the formed resist pattern tends to deform some 
What from the design pattern. Due to such a pattern deforma 
tion, semiconductor devices having a transistor as one of its 
components may have a transistor gate pattern distorted in 
tWo-dimensional directions Within a plane. Such a gate pat 
tern distortion greatly affects the electric characteristics of the 
transistor. It has therefore been proposed to focus attention on 
the electric characteristics of circuit elements for correcting 
mask patterns. (See, for example, Japanese laid-open No. 
2003-330162, International publication No. 2003/052512 
pamphlet, US. Pat. No. 6,562,638, and US. Pat. No. 6,775, 
818, hereinafter referred to as Patent Document 1, Patent 
Document 2, Patent Document 3, and Patent Document 4, 
respectively). 
[0009] The related art referred to above suffers the folloW 
ing dif?culties: 
[0010] Patent document 1 discloses that electric character 
istics of a semiconductor device With a transistor gate pattern 
distorted tWo-dimensionally are determined in advance and 
their correlation to the tWo-dimensional distortions is stored 
as a reference table, and that a gate length is determined in 
order to achieve desired electric characteristics. HoWever, 
since Patent document 1 is silent about a process of quanti 
tatively expressing tWo-dimensional gate pattern distortions, 
it is dif?cult to apply the disclosed process to actual semicon 
ductor devices having various layouts. 
[0011] Patent document 2 discloses that after a pattern pro 
cessed by OPC is simulated by a simulating means to generate 
a print image of a gate pattern, it is determined Whether a 
variation of the print image of the gate pattern from a design 
value for a certain gate length falls in an alloWable range or 
not depending on demanded characteristics of a circuit, and if 
the variation does not fall in the alloWable range, the edge of 
the pattern is shifted. If the demanded characteristics of the 
circuit are represented by a reduced leak current, then it is 
determined Whether the minimum value of the gate length 
falls in an alloWable range or not. If the demanded character 
istics of the circuit are represented by an increased circuit 
performance, then the maximum value of the gate length is 
used. HoWever, Patent document 2 fails to suf?ciently shoW a 
process of setting the alloWable range of the gate length. 
Therefore, the alloWable range of the gate length is not related 
to the demanded characteristics of the circuit. 
[0012] Patent document 3 reveals that a gate length distri 
bution is extracted from a print image of a gate pattern, and 
electric characteristics of a circuit device are calculated from 
the extracted gate length distribution, after Which a paramet 
ric yield of a semiconductor device is calculated from the 
distribution of the electric characteristics, and the gate pattern 
is corrected to keep the yield in a speci?cation range. HoW 
ever, Patent document 3 lacks a speci?c description about 
hoW the pattern is to be corrected according to OPC, and is 
likely to suffer a heavy calculation load in calculating the 
electric characteristics of the circuit. 
[0013] Patent document 4 discloses that depending on the 
shape of a simulated pattern to be printed to a Wafer, electric 
characteristics of a transistor and Wiring characteristics are 
calculated, and process conditions for fabricating semicon 
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ductor devices are corrected depending on those characteris 
tics. However, Patent document 4 contains no description as 
to various characteristic changes due to two-dimensional 
printed pattern distortions that have been at issue in recent 
years. Therefore, the disclosed process is considered to have 
dif?culty dealing with various characteristic changes. 

SUMMARY OF THE INVENTION 

[0014] There is a need for the present embodiment to pro 
vide an optical proximity correction method, an optical prox 
imity correction apparatus, an optical proximity correction 
program, a method of manufacturing a semiconductor device, 
a design rule formulating method, and an optical proximity 
correction condition calculating method, which are capable 
of obtaining desired electric characteristics even if the gate 
pattern of a transistor of a semiconductor device is two 
dimensionally distorted, and of making the calculation load 
imposed by calculating the electric characteristics smaller 
than with the related art. 
[0015] According to an embodiment of the present inven 
tion, there is provided an optical proximity correction method 
of performing optical proximity correction on a design pat 
tern for a semiconductor device including a transistor as a 

component thereof, including: a ?rst step of extracting a gate 
length distribution of a gate from a pattern shape of the gate of 
a transistor to be formed on a wafer; a second step of calcu 
lating electric characteristics of the gate from which the gate 
length distribution has been extracted in the ?rst step; a third 
step of determining a gate length of a rectangular gate having 
electric characteristics equivalent to the electric characteris 
tics calculated in the second step; a fourth step of calculating 
a corrective coef?cient for describing an associated relation 
ship between a statistical value of the gate length distribution 
extracted in the ?rst step and the gate length determined in the 
third step; a ?fth step of extracting a gate length distribution 
of a gate of a transistor formed on the wafer by printing the 
design pattern, and calculating a gate length distribution rep 
resentative value from the statistical value of the gate length 
distribution using the corrective coe?icient calculated in the 
fourth step; and a sixth step of correcting the design pattern so 
that the gate length distribution representative value calcu 
lated in the ?fth step will be a speci?cation value. 
[0016] According to the above optical proximity correction 
method, the gate length distribution representative value is 
calculated using the corrective coe?icient from the statistical 
value of the gate length distribution of the gate of the transis 
tor to be formed on the wafer. The statistical value of the gate 
length distribution may be an average value, a median value, 
a variation value (standard deviation or the like), a minimum 
value, a maximum value, or a mode value of a plurality of 
different gate length distributions due to a two-dimensional 
distortion on the wafer. The gate length distribution allows the 
two-dimensional distortion on the gate of the wafer to be 
expressed quantitatively. The associated relationship 
described by the corrective coe?icient is based on the electric 
characteristics of the gate, or speci?cally, at least one of a 
threshold voltage, a drive current, and a leakage current of the 
gate. The gate length distribution representative value calcu 
lated using the corrective coe?icient is simulated as a repre 
sentative value of the gate lengths of the gate which provides 
electric characteristics equivalent to those of the gate on the 
wafer which is suffering the two-dimensional distortion. 
Therefore, if the design pattern is corrected so that the gate 
length distribution representative value will be a speci?cation 
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value, then a gate formed on the wafer after the pattern is 
corrected has electric characteristics corresponding to the 
speci?cation value, i.e., desired electric characteristics. In 
addition, the gate length distribution representative value is 
calculated using the corrective coe?icient. In other words, if 
the corrective coef?cient has been calculated, then since the 
gate length distribution representative value is calculated 
using the corrective coe?icient, the calculation load imposed 
for calculating the gate length distribution representative 
value is prevented from becoming excessively large. 
[0017] According to an embodiment of the present inven 
tion, even if a gate pattern for a transistor of a semiconductor 
device is two-dimensionally distorted, the transistor is able to 
have desired electric characteristics. Consequently, even in 
situations where it is dif?cult to form a gate pattern to desired 
shape and dimensions because circuit patterns are more and 
more shrinking, the electric characteristics of transistors are 
prevented from being degraded. As the calculation load is 
prevented from becoming excessively large, but can be made 
smaller than heretofore, a process including the calculation 
load can be made faster. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a plan view showing a speci?c example of 
the gate pattern of a transistor; 
[0019] FIG. 2 is a block diagram of an optical proximity 
correction apparatus for performing an OPC process; 
[0020] FIG. 3 is a ?owchart of a sequence for calculating 
the electric characteristics of a transistor; 
[0021] FIGS. 4A and 4B are diagrams showing a speci?c 
example of a process of calculating electric characteristics; 
[0022] FIGS. 5A through 5C are diagrams showing the 
relationship between gate lengths and electric characteristics; 
[0023] FIG. 6 is a ?owchart of a sequence for calculating 
Lg*; 
[0024] FIG. 7 is a ?owchart of a sequence for formulating 
DR; 
[0025] FIG. 8 is a ?owchart of a sequence for generating 
OPC conditions; 
[0026] FIG. 9 is a ?owchart of a sequence for calculating 
c_Lrep; 
[0027] FIG. 10 is a ?owchart of a sequence of an OPC 
process; and 
[0028] FIG. 11 is a ?owchart of a sequence of an OPC 
process according to the related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] An optical proximity correction method, an optical 
proximity correction apparatus, an optical proximity correc 
tion program, a method of manufacturing a semiconductor 
device, a design rule formulating method, and an optical 
proximity correction condition calculating method according 
to the present embodiment will be described in detail below 
with reference to the accompanying drawings. 

[Semiconductor Device] 
[0030] A semiconductor device which is handled by the 
present embodiment will ?rst brie?y be described below. The 
semiconductor device which is handled by the present 
embodiment includes a transistor as a component thereof. 

[0031] FIG. 1 is a plan view showing a speci?c example of 
the gate pattern of a transistor. As shown in FIG. 1, the 
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transistor has a source/drain region 1 and gate layers 2 over 
lying the source/ drain region 1. The areas Where gate layers 2 
overlie the source/drain region 1 function as gates. The gate 
length (the siZe of each gate along its transverse direction) L 
and the gate Width (the length functioning as a gate) W 
directly affect electric characteristics of the gate, or speci? 
cally a threshold voltage, a drive current, a leakage current, 
etc. 

[0032] A semiconductor device having such a transistor as 
a component is fabricated according to the photolithographic 
technology, i.e., by a lithographic process for printing a gate 
pattern onto a Wafer. 

[0033] An exposure apparatus for forming a gate pattern 
according to the lithographic process may be an ArF excimer 
laser stepper (Wavelength: 193 nm, NA: 0.75, o: 0.3, magni 
?cation: 4 times). An exposure mask may be an alternating 
phase-shifting mask. HoWever, the exposure apparatus and 
the expo sure mask are not limited to the above types, but may 
be other designs. 

[0034] According to the photolithographic technology, as 
described above, as circuit patterns to be formed on Wafers 
become more and more shrinking, it is very dif?cult to pro 
duce desired pattern shapes and pattern dimensions on Wafers 
even through the OPC process. For example, When a transis 
tor is to be formed on a Wafer, the gate may suffer a tWo 
dimensional distortion, typically a ?uctuation of the gate 
length L. 
[0035] In order to avoid the above di?iculty, an OPC pro 
cess to be described beloW is carried out prior to the printing 
of a gate pattern onto a Wafer. After the mask pattern of an 
exposure mask is formed to a mask shape corrected by the 
OPC process, a gate pattern is printed onto a Wafer using the 
exposure mask. 

[General Makeup of Optical Proximity Correction Apparatus 
and Optical Proximity Correction Program] 

[0036] FIG. 2 is a block diagram of an optical proximity 
correction apparatus 10 for performing an OPC process. As 
shoWn in FIG. 2, the optical proximity correction apparatus 
10 has functions as a transistor electric characteristics calcu 

lator 11, an Lg* calculator 12, a DR formulator 13, an OPC 
conditions generator 14, an Lrep coef?cient calculator 15, 
and an OPC calculator 16. 

[0037] The optical proximity correction apparatus 10 thus 
constructed may be in the form of a computer apparatus 
including a personal computer or a mask pattern forming 
apparatus or a mask pattern correcting apparatus having a 
function as a computer. The above functional components 11 
through 16 are realiZed When the computer of the optical 
proximity correction apparatus 10 executes a predetermined 
program. The predetermined program may be stored in and 
provided by a computer-readable storage medium before the 
program is installed in the optical proximity correction appa 
ratus 10. Alternatively, the predetermined program may be 
distributed to the optical proximity correction apparatus 10 
via a Wired or Wireless communicating means. Stated other 
Wise, the functions of components 11 through 16 are realiZed 
by an optical proximity correction program that can be 
installed into the computer. 
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[0038] The functions of components 11 through 16 of the 
optical proximity correction apparatus 10 and processing 
sequences of the functions Will be described beloW. 

[Calculations of Electric Characteristics of Transistor] 

[0039] FIG. 3 is a ?owchart ofa processing sequence ofthe 
transistor electric characteristics calculator 11, i.e., a 
sequence for calculating the electric characteristics of a tran 
sistor. 
[0040] For calculating the electric characteristics of a tran 
sistor, the design shape data of the transistor are prepared in 
S101. The design shape data may, but not necessarily, be data 
in a GDSII format (hereinafter referred to as “GDSII data”) . 
The GDSII data to be prepared may be data of a transistor 
making up an actual semiconductor device or data of a test 
pattern having a certain shape insofar as the data are descrip 
tive of a layout for producing a transistor. 
[0041] When the GDSII data are entered into the transistor 
electric characteristics calculator 11, the transistor electric 
characteristics calculator 11 performs a knoWn OPC process 
on a layout pattern speci?ed by the GDSII data, determines a 
mask pattern corresponding to the layout pattern according 
simulating calculations, and determines a pattern to be 
formed on a Wafer according simulating calculations for 
printing the mask pattern onto the Wafer and processing the 
assembly, in S102.After the pattern to be formed on the Wafer 
has been determined, the transistor electric characteristics 
calculator 11 extracts gate lengths L of a portion of the pattern 
Which Will serve as the gate of the transistor at given intervals 
along the direction of the gate Width W in S103. In other 
Words, the transistor electric characteristics calculator 11 
extracts a distribution of the gate lengths L along the direction 
of the gate Width W. The transistor electric characteristics 
calculator 11 may extract the gate lengths L according to a 
knoWn process such as an EDA (Electronic Design Automa 
tion) tool, for example. 
[0042] After the transistor electric characteristics calcula 
tor 11 has extracted the gate length distribution, the transistor 
electric characteristics calculator 11 calculates electric char 
acteristics of the portion of the pattern Which Will serve as the 
gate of the transistor, i.e., the gate portion from Which the gate 
length distribution has been extracted, in S104, S105. The 
electric characteristics include a gate threshold voltage Vth, a 
drive current Ion, and a leakage current Ioff as they are par 
ticularly important among various electric characteristics of 
the transistor. HoWever, the electric characteristics to be cal 
culated are not limited to those speci?ed electric characteris 
tics. 
[0043] The electric characteristics may be calculated as 
folloWs: 
[0044] FIGS. 4A and 4B are diagrams shoWing a speci?c 
example of a process of calculating electric characteristics. 
When a gate length distribution is extracted, a plurality of gate 
lengths Lg_1, Lg_2, Lg_3 . . . extracted at given intervals are 

obtained, as shoWn in FIG. 4A. Then, rectangular transistor 
gate portions, each having a constant gate length, are assumed 
With respect to the respective gate lengths Lg_1, Lg_2, Lg_3 

. as shoWn in FIG. 4B. Electric characteristics of the 

respective assumed gate portions are calculated, and average 
values of the calculated electric characteristics are used as 
electric characteristics the original gate portion from Which 
the gate length distribution has been extracted. In this manner, 
electric characteristics of a gate depending on the shape of the 
pattern formed on the Wafer are calculated. The electric char 
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acteristics of the rectangular transistor gate portions may be 
calculated by a knoWn process such as SPICE Which can 
design an electric circuit on a computer and observe changes 
in voltages and currents in the operation of the electric circuit. 
The knoWn process includes approximate calculations. Spe 
ci?cally, the relationship betWeen gate lengths and electric 
characteristics may be calculated by SPICE and approxi 
mated by a function involving a small computational effort 
such as a linear polynomial or the like. 
[0045] FIGS. 5A through 5C are diagrams shoWing the 
relationship betWeen gate lengths and electric characteristics. 
As shoWn in FIGS. 5A through 5C, if the electric character 
istics including Vth (see FIG. 5A), Ion (see FIG. 5B), and Ioff 
(see FIG. 5C) are calculated by SPICE, for example, then the 
relationship betWeen the electric characteristics and the gate 
lengths, or more speci?cally, differences of the gate lengths 
from design values, can be calculated in advance. Though the 
relationship betWeen gate lengths and electric characteristics 
can be approximated by a function such as a linear polyno 
mial or the like, different formulas are demanded forVth, Ion, 
and Ioff, respectively. 

[Calculation of Lg*] 

[0046] FIG. 6 is a ?owchart ofa processing sequence ofthe 
Lg* calculator 12, i.e., a sequence for calculating Lg*. 
[0047] “Lg*” represents the gate length of a rectangular 
gate having electric characteristics equivalent to the electric 
characteristics (With respect to the gate With the distorted 
two-dimensional shape on the Wafer) calculated by the above 
calculations of the electric characteristics of the transistor. 
With Lg* being determined, the transistor having the gate 
With the distorted tWo-dimensional shape can be replaced 
With a transistor having a rectangular gate With equivalent 
electric characteristics. 
[0048] For calculating Lg*, the Lg* calculator 12 assumes 
a certain value to be an initial value of Lg* in S201, and the 
Lg* calculator 12 determines electric characteristics of a 
rectangular gate With the initial value of Lg* in S202. The 
electric characteristics are determined identically to the elec 
tric characteristics determined by the above calculations. For 
example, if Vth is selected as the electric characteristics of the 
transistor, then Vth is determined in calculating Lg*. If Vth, 
Ion, and Ioff are selected as the electric characteristics of the 
transistor, then Vth, Ion, and Ioff are determined in calculat 
ing Lg*. The electric characteristics may be determined by 
the same process as used by the calculations of the electric 
characteristics of the transistor. 
[0049] After the electric characteristics of the rectangular 
gate have been calculated, the Lg* calculator 12 compares the 
calculated electric characteristics With the electric character 
istics calculated by the above calculations of the electric 
characteristics of the transistor, and determines Whether the 
difference betWeen the electric characteristics matches preset 
speci?cations or not, i.e., falls in an alloWable range or not, in 
S203. If the difference falls in the alloWable range, then the 
Lg* calculator 12 sets the assumed initial value as Lg* of the 
transistor Whose electric characteristics are equivalent to 
those of the transistor having the gate With the distorted 
tWo-dimensional shape, in S204. If the difference falls out of 
the alloWable range, then the Lg* calculator 12 changes the 
assumed initial value according to a given rule in S205, recal 
culates electric characteristics based on the corrected value of 
Lg*, and repeats the loop (S202 through S205) until the 
difference betWeen the recalculated electric characteristics 
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and the electric characteristics calculated by the above calcu 
lations of the electric characteristics of the transistor falls in 
the alloWable range. Though the number of iterations Which 
the loop goes through is not speci?ed here, the Lg* calculator 
12 shall operate according to an algorithm, Which iterative 
calculation processes of this type usually have, for calculating 
electric characteristics Within a preset number of iterations. 

[Formulation of DR] 

[0050] “DR” represents a design rule, or more speci?cally, 
a design rule based on lithography and semiconductor fabri 
cation processes, i.e., various limitations on the layout of 
circuit patterns. 
[0051] It is the general practice to determine DR based on 
lithography and semiconductor fabrication processes With 
respect to dimensions of a minimum pattern that can be 
formed on Wafers. HoWever, in vieW of the fact that patterns 
formed on Wafers are tWo-dimensionally distorted and elec 
tric characteristics of the gates of fabricated transistors are 
degraded by the tWo-dimensional distortion, the DR based on 
lithography and semiconductor fabrication processes should 
be formulated also taking into account the electric character 
istics. 

[0052] Therefore, the DR formulator 13 performs a pro 
cessing sequence, to be described beloW, to formulate DR 
taking into account electric characteristics. 
[0053] FIG. 7 is a ?owchart ofa processing sequence ofthe 
DR formulator 13, i.e., a sequence for formulating DR. 
[0054] For formulating DR, a test pattern of DR items to be 
formulated, i.e., layout parameters, sorted into ranges to be 
considered is prepared in S301. The DR items (layout param 
eters) include the gate Width W, the gate-to-gate distance S, 
and the siZe of an area Where the contact holes and the gate 
pattern overlap each other (see FIG. 1). The gate Width W, for 
example, may be sorted into ranges of 100 nm from 100 nm to 
1000 nm. 

[0055] After the test pattern has been prepared, the DR 
formulator 13 predicts, by Way of simulation, a shape to 
Which the test pattern Will be formed on a Wafer, calculates 
electric characteristics of all transistors included in the test 
pattern, extracts a gate length distribution from a gate, and 
calculates electric characteristics of the gate from Which the 
gate length distribution is extracted in S302. Then, the DR 
formulator 13 calculates Lg* and determines Lg* With 
equivalent electric characteristics in S303. When the gate 
length distribution is extracted, since a plurality of gate 
lengths are obtained from each gate, a statistical value of the 
gate lengths is determined. The statistical value of the gate 
lengths may be an average value, a median value, a variation 
value (standard deviation or the like), a minimum value, a 
maximum value, or a mode value of a plurality of gate length 
distributions. 

[0056] After having determined the electric characteristics, 
the Lg* With equivalent electric characteristics, and the sta 
tistical value of the gate length distributions for each of the 
transistors included in the test pattern, the DR formulator 13 
compare them With predetermined speci?cation values and 
determine Whether they satisfy the speci?cation values or not 
in S304. If they satisfy the speci?cation values, then the DR 
formulator 13 alloWs the layout parameters of the transistor to 
be used Without being limited When a semiconductor device is 
designed, in S305. If they do not satisfy the speci?cation 
values, then the DR formulator 13 sets the layout parameters 
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of the transistor as DR, i.e., limits the layout parameters 
against use When a semiconductor device is designed, in 
S306. 

[0057] The above loop (S304 through S307) is repeated 
until the process in those steps is ?nished on all the transistors 
included in the test pattern, i.e., all the layout parameters. In 
this manner, DR is formulated in vieW of the electric charac 
teristics of a transistor. 

[0058] The speci?cation values to be compared in the 
above process may be determined depending on details of a 
process for fabricating individual semiconductor devices, 
e.g., the numerical aperture (NA) of the exposure apparatus, 
the processing conversion difference of the etching apparatus, 
etc. Different types of semiconductor devices such as 
DRAMs, high-performance CPUs, etc. have different electric 
characteristics to be determined. The speci?cation values 
may also be determined in vieW of those different electric 
characteristics. 
[0059] Speci?c examples of speci?cation values Will be 
described beloW. A speci?cation example using a statistical 
value of gate length distributions may be such that a maxi 
mum value of gate length distributions Will not exceed tWice 
a design gate length and a minimum value of gate length 
distributions Will not be smaller than a design gate length by 
5 nm. A speci?cation example using electric characteristics 
may be such that Ion Will not be smaller than a target value by 
5% or more and IoffWill not be greater than a target value by 
20% or more. A speci?cation example using Lg* may be such 
that each of threshold voltage Lg*_Vth, drive current Lg*_ 
Ion, and leakage current Lg*_Ioff of a rectangular gate having 
a gate length of Lg* Will not differ from its average value by 
2 nm or more, and the average value Will not differ from a 
target value by 2 nm or more. These speci?cations may be 
combined With each other and may be processed by a logical 
operation. The above numerical values are given by Way of 
example only, and should be adjusted in actual use depending 
on semiconductor device fabrication processes and circuit 
characteristics of semiconductor devices. 

[0060] Speci?cations for use in formulating DR may also 
be prepared as folloWs: As described in detail later, the OPC 
process performed by the OPC calculator 16 acts to reduce 
variations of the electric characteristics of a transistor. There 
fore, speci?cations for use in the process of formulating DR 
Which is performed by DR formulator 13 should also prefer 
ably be carried out on the premise of the OPC process per 
formed by the OPC calculator 16. Speci?cally, a transistor as 
a Whole is offset so that Lg* thereof Will be of a certain 
constant value, and DR should be formulated depending on 
Whether a statistical value of gate length distributions, electric 
characteristics, and Lg* after the transistor has been offset fall 
in the speci?cations described above or not. Speci?cally, 
attention is given to a variation of Vth as electric characteris 
tics, and the transistor is offset so that Lg*_Vth of a rectan 
gular gate having a gate length of Lg* Will be a target gate 
length. According to a numerical example, if a target gate 
length for a transistor is 40 nm and Lg*_Vth is calculated as 
43.2 nm, then 3.2 nm is subtracted from all gate lengths 
extracted from the transistor, and a statistical value of gate 
length distributions, electric characteristics, and Lg* are 
recalculated, and DR is calculated depending Whether they 
satisfy the speci?cations or not. 
[0061] In other Words, an offset for equalizing Lg* to the 
target gate length is determined and applied to gate length 
distributions, after Which a statistical value of gate length 
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distributions, electric characteristics, and Lg* are calculated 
With respect to gate length distributions to Which the offset 
has been applied, and DR is formulated from the calculated 
results. In this manner, the DR formulation becomes adapted 
to the OPC process performed by the OPC calculator 16, i.e., 
becomes appropriate for reducing variations in the electric 
characteristics of the transistor. 
[0062] For determining an offset, a plurality of types of Lg* 
may be used. If a plurality of types of Lg* are used, then an 
offset length may be determined using an average value of 
types of Lg* or some calculations. Ifa plurality of types of 
values are used, then respective speci?cations may be deter 
mined and logic operations may be performed on respective 
design rule conditions, or a neW evaluative index may be 
calculated using the types of values. 

[Generation of OPC Conditions] 

[0063] “OPC conditions” refer to corrective operating con 
ditions for performing OPC on a design pattern for a semi 
conductor device. More speci?cally, it de?nes the siZes of 
segments for OPC, conditions for placing segments, the num 
ber of EPs for each segment, Where an EP is to be placed in a 
segment, the siZe of an alloWable EPE, etc. 
[0064] For performing an OPC process, it is necessary to 
specify OPC conditions in advance. OPC conditions are 
speci?ed, i.e., OPC conditions are generated, When the OPC 
conditions generator 14 perform a processing sequence to be 
described beloW. 
[0065] FIG. 8 is a ?owchart of a processing sequence of the 
OPC conditions generator 14, i.e., a sequence for generating 
OPC conditions. 
[0066] For generating OPC conditions, a test pattern foruse 
in generating OPC conditions is prepared in S401. It is 
assumed that the test pattern is made up of only layout param 
eters Which satisfy DR formulated by the above DR formu 
lating process. This is because a transistor having layout 
parameters limited against use by DR Will not be used in the 
circuit of an actual semiconductor device, and it is inappro 
priate to establish OPC conditions With such a pattern. 
[0067] After the test pattern has been prepared, the OPC 
conditions generator 14 sets certain OPC conditions as initial 
values in S402, predicts, by Way of simulation, a shape to 
Which the test pattern Will be formed on a Wafer, calculates 
electric characteristics of all transistors included in the test 
pattern, extracts a gate length distribution from a gate, and 
calculates electric characteristics of the gate from Which the 
gate length distribution is extracted in S403. Then, the OPC 
conditions generator 14 calculates Lg* and determines Lg* 
With equivalent electric characteristics, and calculates an 
OPC condition evaluating index using the statistical value of 
the gate length distribution, the electric characteristics, and 
Lg* Which have been calculated, in S404. 
[0068] Thereafter, the OPC conditions generator 14 deter 
mines Whether the established OPC conditions (e.g., initial 
values) are appropriate or not using the OPC condition evalu 
ating index in S405. Speci?cally, the OPC conditions genera 
tor 14 determines Whether the calculated OPC condition 
evaluating index is of an optimum value or not or matches 
given speci?cations or not. If the calculated OPC condition 
evaluating index is not of the optimum value or does not 
match the given speci?cations, then the OPC conditions gen 
erator 14 corrects the OPC conditions (e. g., changes from the 
initial values by a predetermined quantity) in S406. Thereaf 
ter, the loop (S403 through S406) is repeated. If the calculated 
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OPC condition evaluating index is of the optimum value or 
matches the given speci?cations, then the OPC conditions 
generator 14 determines the OPC conditions based on Which 
the OPC condition evaluating index has been calculated as 
optimum OPC conditions in S407. 
[0069] The OPC condition evaluating index may be a single 
evaluating index (e.g., either the sum of deviations betWeen 
the average values and respective values of Lg*_Vth, Lg*_ 
Ion, Lg*_Ioff of all transistors or the sum of variations of gate 
length distributions). In this case, OPC conditions are speci 
?ed based on Whether they are appropriate With respect to the 
single OPC condition evaluating index or not. Speci?cally, 
OPC conditions are changed so that the single OPC condition 
evaluating index Will be minimum (or maximum) until opti 
mum OPC conditions are found. 

[0070] Alternatively, a plurality of evaluating indexes may 
be used in combination. In this case, optimum OPC condi 
tions may be found by performing multi-purpose optimiZa 
tion according to a knoWn multi-purpose optimiZation pro 
cess, for example. 
[0071] In the above description, certain OPC conditions are 
used as initial values and a loop is repeated until optimum 
OPC conditions are found. HoWever, OPC conditions may be 
generated by performing a process of calculating OPC con 
dition evaluating indexes With respect to all OPC conditions 
expected in advance and selecting OPC conditions With a 
most desirable OPC condition evaluating index. 
[0072] Though the number of iterations Which the loop 
goes through is not speci?ed here, the OPC conditions gen 
erator 14 shall have an algorithm, Which iterative calculation 
processes of this type usually have, for calculating an OPC 
condition evaluating index Within a preset number of itera 
tions. 

[Calculation of Lrep Coef?cient] 
[0073] For performing the OPC process, the OPC calcula 
tor 16 may employ a process of using Lg* determined by the 
above Lg* calculations for internal calculations and moving 
each edge or each segment so that the value of Lg* Will reach 
a target value. HoWever, the OPC process Which uses Lg* is 
disadvantageous in that the calculation load tends to become 
excessively large. 
[0074] For reducing the amount of calculations involved in 
the OPC process, the Lrep coef?cient calculator 15 calculates 
a corrective coef?cient for specifying the associated relation 
ship betWeen the statisitical value of gate length distributions 
of transistors and Lg*. The corrective coe?icient Will herein 
after be represented by “c_Lrep”. 
[0075] Using c_Lrep makes it possible to perform an OPC 
process for calculating a representative value Lrep of the gate 
length distribution of a transistor With less calculations than 
Lg* calculations, from the gate length distribution of the 
transistor, and moving each edge or each segment so that Lrep 
Will become a target gate length, as described in detail later. 
[0076] FIG. 9 is a ?owchart ofa processing sequence ofthe 
Lrep coe?icient calculator 15, i.e., a sequence for calculating 
c_Lrep. 
[0077] For calculating c_Lrep, a test pattern satisfying DR 
is prepared in the same manner as With the above generation 
of OPC conditions, in S501. The Lrep coe?icient calculator 
15 predicts, by Way of simulation, a shape to Which the test 
pattern Will be formed on a Wafer, calculates electric charac 
teristics of all transistors included in the test pattern, extracts 
a gate length distribution from a gate, and calculates electric 
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characteristics of the gate from Which the gate length distri 
bution is extracted in S502. Then, the Lrep coef?cient calcu 
lator 15 calculates Lg* and determines Lg* With equivalent 
electric characteristics in S503. In other Words, the Lrep 
coe?icient calculator 15 calculates statistical values of gate 
length distributions, electric characteristics, and Lg* of all 
transistors in the test pattern. 
[0078] Thereafter, the Lrep coe?icient calculator 15 calcu 
lates provisional coef?cients for determining Lg*_Vth, Lg*_ 
Ion, and Lg*_Ioff from the statistical values of gate length 
distributions in S504. Speci?cally, the Lrep coe?icient calcu 
lator 15 may calculate provisional coef?cients according to 
the folloWing equations (1) through (3): 

Lg’QVthIaH average value of gate length distribu 
tions+a provisional coef?cient of Lg’iVth * a varia 
tion of gate length distributions . . . (l) 

Lg*iIon:an average value of gate length distribu 
tions+a provisional coef?cient of Lg’iIon * a varia 
tion of gate length distributions . . . (2) 

Lg*iIoff:an average value of gate length distribu 
tions+a provisional coef?cient ofLg’iIoff * a varia 
tion of gate length distributions . . . (3) 

[0079] The above equations (1) through (3) are calculated 
With respect to all the transistors in the test pattern. 
[0080] After having determined the provisional coef? 
cients for determining Lg*_Vth, Lg*_Ion, and Lg*_Ioff, the 
Lrep coe?icient calculator 15 calculates c_Lrep from the 
provisional coef?cients With respect to all the transistors in 
S505, and determine c_Lrep based on the calculated results in 
S506. 
[0081] If Lrep is to be determined With greater emphasis on 
Vth, i.e., if an OPC process is to be performed to reduce a 
variation of Vth, then the provisional coef?cients for deter 
mining Lg*_Vth may be averaged for all the transistors, and 
the average value may be used as c_Lrep. 
[0082] If equal attention is to be paid to all Lg*_Vth, Lg*_ 
Ion, and Lg*_Ioff, i.e., if an OPC process is to be performed 
to reduce variations of all of Vth, Ion, and Ioff, then the 
provisional coef?cients for determining Lg*_Vth, Lg*_Ion, 
and Lg*_Ioff may be averaged for all the transistors, and the 
average value may be used as c_Lrep. 
[0083] Accordingly, c_Lrep may be determined using at 
least one of the calculated provisional coef?cients Which 
correspond to the different electric characteristics, i.e., Vth, 
Ion, and Ioff. 
[0084] For calculating c_Lrep from a plurality of provi 
sional coe?icients, not only an average value is determined 
for all the transistors, but the provisional coef?cients may be 
Weighted based on the frequency rate of the layout parameters 
of an actual semiconductor device. For example, if transistors 
having a certain gate Width occupy many data in a standard 
cell library used for designing semiconductor devices, then 
the provisional coef?cients of layout parameters of the tran 
sistors occupy the many data are Weighted to calculate 
c_Lrep. According to a numerical example, if transistors hav 
ing a gate Width of 500 nm occupy 90% of the data, then the 
provisional coef?cients of the transistors having the gate 
Width of 500 nm are Weighted 10 times greater than the 
provisional coef?cients of transistors having other gate 
Widths. 
[0085] The statistical values of gate length distributions 
used to calculate the provisional coef?cients may be other 
than the average value and variation of the gate length distri 



US 2008/0263483 A1 

butions. In the above example, the average value and variation 
of the gate length distributions are used because they have 
more information of the gate length distributions than maxi 
mum and minimum values thereof. If it can be found that the 
electric characteristics of transistors and the statistical value 
of a particular gate length distribution are closely related to 
each other, then another statistical value, e. g., a median value, 
may be used. 

[0086] If the electric characteristics of transistors are 
strongly affected by a certain layout parameter, then c_Lrep 
may be considered to be used as a function of the layout 
parameter or a reference table depending on the layout param 
eter. For example, if it is knoWn that the length of a protrusion 
(e.g., “Ex1” in FIG. 1) of a gate layer pattern from an active 
layer pattern toWard a contact hole overlap area greatly affects 
the shape of the gate pattern, then provisional coef?cients are 
averaged for each length of Ex1 to calculate c_Lrep. In this 
case, c_Lrep may be used as a function of Ex1 (by applying a 
certain function, for example), or c_Lrep may be held in a 
table format for every range of Ex1 (by generating a reference 
table such that c_Lrep is “—0.23 l” if Ex1 is at least 100 nm but 
smaller than 200 nm). 

[OPC Calculation] 

[0087] Based on the above processing sequences of the 
components 11 through 15, the OPC calculator 16 performs 
the folloWing OPC process. In the OPC process, the position 
of each segment is changed such that Lrep Will have a speci 
?cation value. 

[0088] FIG. 10 is a ?owchart ofa processing sequence of 
the OPC calculator 16, i.e., a sequence of OPC calculations. 

[0089] In the OPC process performed by the OPC calcula 
tor 16, the OPC calculator 16 reads the GDSII data of a design 
pattern for a semiconductor device to be processed and OPC 
conditions obtained by the above OPC conditions generating 
process in S601, S602. Thereafter, the OPC calculator 16 
divides the outer edge of a layout pattern of a circuit into 
segments in S603, and set an EP for each segment in S604. 
Then, the OPC calculator 16 calculates the position of a 
segment in the pattern formed on the Wafer by Way simulation 
in S605. The OPC calculator 16 calculates an EPE for each 
segment in S606, and changes the shape of the mask pattern 
to correct the EPE, thereby correcting the position of each 
segment in S607. 

[0090] Thereafter, the OPC calculator 16 extracts a gate 
length distribution of each transistor in S608. The OPC cal 
culator 16 calculates a gate length distribution representative 
value Lrep of each transistor using c_Lrep obtained by the 
above Lrep coef?cient calculation from statistical values of 
the extracted gate length distributions in S609. Lrep corre 
sponds to Lg* in each transistor. HoWever, since Lrep is 
calculated using c_Lrep, it can be calculated With a smaller 
amount of calculations than if Lg* is calculated through the 
above Lg* calculations With respect to each transistor. 
[0091] After having calculated Lrep, the OPC calculator 16 
determines Whether Lrep satis?es given speci?cations, i.e., 
falls in :1 nm of the speci?cation value, or not in S610. If 
Lrep satis?es given speci?cations, then the OPC process for 
the transistors is put to an end. If Lrep does not satisfy given 
speci?cations, then the position of each segment is corrected 
in S611, and thereafter the loop from S605 to S610 is repeated 
from the simulation of the formed pattern. 
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[0092] According to the OPC process performed by the 
OPC calculator 16, therefore, the pattern is corrected such 
that Lrep Will be of the speci?cation value. 
[0093] It has been described above that if Lrep satis?es 
given speci?cations, then the OPC process for the transistors 
is put to an end. This is because if a layout pattern around a 
certain layout pattern changes during an exposing step or a 
processing step, a formed pattern changes even When the 
certain layout pattern does not change. Therefore, it is pref 
erable to calculate Lrep until Lrep of all transistors satis?es 
the speci?cations even if segment positions are not changed 
in a certain transistor. 

[0094] If Lrep does not satisfy the speci?cations, then the 
positions of all segments of the transistor may be corrected 
uniformly so that any variation of Lrep from a target value 
Will be eliminated (become nil).Alternatively, a segment With 
a large EPE may be corrected in position by a distance greater 
than the variation of Lrep from a target value, and a segment 
With a small EPE may conversely be corrected in position by 
a distance smaller than the variation of Lrep from the target 
value. 
[0095] For correcting segment positions, it is desirable to 
use an appropriate magni?cation (e.g., generally called MEF 
(Mask Error Factor) or MEEF (Mask Error Enhancement 
Factor)) for correcting the position of the mask pattern so that 
the formed pattern Will change as targeted. The magni?ca 
tion, etc. may be determined according to the related art. 
[0096] It should be understood by those skilled in the art 
that various modi?cations, combinations, sub-combinations 
and alternations may occur depending on design require 
ments and other factors insofar as they are Within the scope of 
the appended claims or the equivalent thereof. 

What is claimed is: 
1. An optical proximity correction method of performing 

optical proximity correction on a design pattern for a semi 
conductor device including a transistor as a component 
thereof, comprising: 

a ?rst step of extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 

a second step of calculating electric characteristics of the 
gate from Which the gate length distribution has been 
extracted in the ?rst step; 

a third step of determining a gate length of a rectangular 
gate having electric characteristics equivalent to the 
electric characteristics calculated in said second step; 

a fourth step of calculating a corrective coef?cient for 
describing an associated relationship betWeen a statisti 
cal value of the gate length distribution extracted in said 
?rst step and the gate length determined in said third 
step; 

a ?fth step of extracting a gate length distribution of a gate 
of a transistor formed on the Wafer by printing said 
design pattern, and calculating a gate length distribution 
representative value from the statistical value of the gate 
length distribution using the corrective coe?icient cal 
culated in said fourth step; and 

a sixth step of correcting said design pattern so that the gate 
length distribution representative value calculated in 
said ?fth step Will be a speci?cation value. 

2. The optical proximity correction method according to 
claim 1, Wherein said fourth step calculates a plurality of 
provisional coe?icients corresponding to different types of 
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electric characteristics, and calculates said corrective coef? 
cient using at least one of said provisional coe?icients. 

3. The optical proximity correction method according to 
claim 2, Wherein said provisional coef?cients are Weighted 
before said corrective coef?cient is calculated from said pro 
visional coe?icients. 

4. An optical proximity correction apparatus for perform 
ing optical proximity correction on a design pattern for a 
semiconductor device including a transistor as a component 
thereof, comprising: 

?rst means for extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 

second means for calculating electric characteristics of the 
gate from Which the gate length distribution has been 
extracted by the ?rst means; 

third means for determining a gate length of a rectangular 
gate having electric characteristics equivalent to the 
electric characteristics calculated by said second means; 

fourth means for calculating a corrective coef?cient for 
describing an associated relationship betWeen a statisti 
cal value of the gate length distribution extracted by said 
?rst means and the gate length determined by said third 
means; 

?fth means for extracting a gate length distribution of a gate 
of a transistor formed on the Wafer by printing said 
design pattern, and calculating a gate length distribution 
representative value from the statistical value of the gate 
length distribution using the corrective coef?cient cal 
culated by said fourth means; and 

sixth means for correcting said design pattern so that the 
gate length distribution representative value calculated 
by said ?fth means Will be a speci?cation value. 

5. An optical proximity correction program for performing 
optical proximity correction on a design pattern for a semi 
conductor device including a transistor as a component 
thereof, by enabling a computer to function as: 

?rst means for extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 

second means for calculating electric characteristics of the 
gate from Which the gate length distribution has been 
extracted by the ?rst means; 

third means for determining a gate length of a rectangular 
gate having electric characteristics equivalent to the 
electric characteristics calculated by said second means; 

fourth means for calculating a corrective coef?cient for 
describing an associated relationship betWeen a statisti 
cal value of the gate length distribution extracted by said 
?rst means and the gate length determined by said third 
means; 

?fth means for extracting a gate length distribution of a gate 
of a transistor formed on the Wafer by printing said 
design pattern, and calculating a gate length distribution 
representative value from the statistical value of the gate 
length distribution using the corrective coef?cient cal 
culated by said fourth means; and 

sixth means for correcting said design pattern so that the 
gate length distribution representative value calculated 
by said ?fth means Will be a speci?cation value. 

6. A method of manufacturing a semiconductor device 
including a transistor as a component thereof through an 
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optical proximity correction process on a design pattern for 
the semiconductor device, said optical proximity correction 
process comprising: 

a ?rst step of extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 

a second step of calculating electric characteristics of the 
gate from Which the gate length distribution has been 
extracted in the ?rst step; 

a third step of determining a gate length of a rectangular 
gate having electric characteristics equivalent to the 
electric characteristics calculated in said second step; 

a fourth step of calculating a corrective coef?cient for 
describing an associated relationship betWeen a statisti 
cal value of the gate length distribution extracted in said 
?rst step and the gate length determined in said third 
step; 

a ?fth step of extracting a gate length distribution of a gate 
of a transistor formed on the Wafer by printing said 
design pattern, and calculating a gate length distribution 
representative value from the statistical value of the gate 
length distribution using the corrective coef?cient cal 
culated in said fourth step; and 

a sixth step of correcting said design pattern so that the gate 
length distribution representative value calculated in 
said ?fth step Will be a speci?cation value. 

7. A design rule formulating method of formulating a limi 
tation on a design pattern for a semiconductor device includ 
ing a transistor as a component thereof, comprising: 

a ?rst step of extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 

a second step of calculating electric characteristics of the 
gate from Which the gate length distribution has been 
extracted in the ?rst step; 

a third step of determining a gate length of a rectangular 
gate having electric characteristics equivalent to the 
electric characteristics calculated in said second step; 

a fourth step of formulating a design rule formulating con 
dition for said design pattern based on an evaluative 
index representing Whether the gate length distribution 
extracted in said ?rst step, the electric characteristics 
calculated in said second step, and the gate length deter 
mined in said third step satisfy predetermined speci?ca 
tions or not. 

8. The design rule formulating method according to claim 
7, Wherein an offset for equaliZing the gate length determined 
in said third step to a target gate length is determined, and the 
offset is added to the gate length distribution determined in 
said ?rst step, after Which said second step and said third step 
are carried out again With respect to said gate length distribu 
tion With said offset added thereto, and said design rule for 
mulating condition is formulated from results obtained by 
said second step and said third step. 

9. An optical proximity correction condition calculating 
method of calculating a corrective condition for performing 
optical proximity correction on a design pattern for a semi 
conductor device including a transistor as a component 
thereof, comprising: 

a ?rst step of extracting a gate length distribution of a gate 
from a pattern shape of the gate of a transistor to be 
formed on a Wafer; 




